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(54) Title: CLARITHROMYCIN FORMULATIONS HAVING IMPROVED BIOAVAILABILITY 

0© 

•"-^ (57) Abstract: A pharmaceutical composition includes micronized clarithromycin and exhibits improved dissolution characteristics 
relative to a pharmaceutical composition that includes unmicronized clarithromycin. The clarithromycin may have a particle size less 
than approximately 35 microns. One process for preparing an extended release tablet of the clarithromycin includes micronizing the 
clarithromycin; blending the micronized clarithromycin with one or more rate controlling polymers and pharmaceutically acceptable 
excipicnts; granulating the blend; and compressing to form a tablet. To treat a bacterial infection in a mammal in need of treatment, 
a patient may be administered a pharmaceutical composition that includes micronized clarithromycin. 
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administered two to three times a day as immediate release compositions. In particular, 6- 
O-methoxyerythromycin A (clarithromycin), which has been disclosed in US Patent No. 
4,331,803, has to be administered at least twice daily for optimal effect. 

SUMMARY OF THE INVENTION 

5 In one general aspect, there is provided a pharmaceutical composition which 

includes micronized clarithromycin and exhibits improved dissolution characteristics 
relative to a pharmaceutical composition that includes unmicronized clarithromycin. 

Embodiments of the pharmaceutical composition may include one or more of the 
following features. For example, the clarithromycin may have a particle size less than 
1 0 approximately 50 microns, and more particularly, less than 35 microns. The 

clarithromycin in the pharmaceutical composition may make up between approximately 
100 mg and approximately 1000 mg of the pharmaceutical composition. The 
pharmaceutical formulation may be an extended release form ulation. 

The pharmaceutical composition may further include one or more rate controlling 
1 5 polymers. The rate controlling polymers may be one or more of carbohydrate gums, 

polyuronic acid salts, cellulose ethers, and acrylic acid polymers. The carbohydrate gums 
may be one or more of xanthan gum, tragacanth gum, gum karaya, guar gum, acacia, 
gellan, and locust bean gum. The polyuronic acid salts may be one or more of alkali metal 
salts of alginic acid and pectic acid. The cellulose ethers may be one or more of 
20 hydroxypropyl methylcellulose, hydroxypropyl cellulose, and carboxymethyl cellulose. 
The acrylic polymers may be the acrylic polymer available under the brand name 
carbopol. 

The pharmaceutical composition may further include one or more 
phaimaceutically acceptable excipients. The pharmaceutically acceptable excipients may 
25 be one or more of gas generating components, swelling agents, lubricants, and fillers. 

The pharmaceutical composition may be a once a day foimulation. The dosage 
form may be a tablet or a capsule. 

The clarithromycin may be micronized in air jet mill, and may be co-micronized 
with one or more pharmaceutical inert carriers. The pharmaceutically inert carrier may be 
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pharmaceutical inert earners. The pharmaceutical^ inert carrier may be one or more 
cellulose derivatives, silicate derivatives, and clays. 

In another general aspect, there is provided a method of treating a bacterial 
infection in a mammal in need of treatment which includes administering a pharmaceutical 
5 composition comprising micronized clarithromycin and one or more pharmaceutical^ 
acceptable excipients. 

The clarithromycin in the pharmaceutical composition taken to provide 
antibacterial activity may include at least some clarithromycin that has been micronized to 
have a particle size less than 50 microns, and more particularly, less than 35 microns, and 
1 0 the clarithromycin may make up between approximately 100 mg and approximately 1000 
mg of the pharmaceutical composition. The method of treating may further include 
administering one or more of omeprazole, metronidazole, amoxicillin, rifampicin, 
lansoprazole, ciprofloxacin, ethambutol, and ritonavir with the micronized clarithromycin. 

The details of one or more embodiments of the invention are set forth in the 
1 5 description below. Other features, objects, and advantages of the invention will be 
apparent from the description and claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The process of developing pharmaceutical compositions of clarithromycin is 
challenging for the pharmaceutical formulator because of opposing solubility and stability 

20 constraints. In particular, clarithromycin has increased solubility but reduced stability at 
the acidic pH conditions in the stomach, and increased stability but reduced solubility at 
the alkaline pH of the lower portion of the intestine (pH 6.0 to 8.0). These constraints 
result in poor bioavailability of clarithromycin. In spite of these competing constraints, 
the inventors nonetheless realized the desirability of dosage forms of clarithromycin 

25 having improved dissolution and absorption characteristics that can be administered once 
per day, and conducted research and development activities for developing such a 
clarithromycin formulation. As a result of these efforts, the inventors have surprisingly 
found that the dissolution and absorption characteristics of clarithromycin, as well as its 
bioavailability, can be increased by micronizing the clarithromycin. 



4 



WO 03/082241 

PCT/JB03/01223 

^oftheparocles is reduced „. Jt aoyproccss ornretbods by which the 
- - referreo to . ^ * ^ Cta ' fc ° m ^ - 

disclosed in US. Patea.No 433, 803 „ n ' „ °™S ertber of the procedures 

--~he^r^:^^rr w - Boa ^ 

ciarirhrenryci,, Credit! T " ^ ^ * e " non of 

- accCerateo te^ds oft " ^ ^ " * — » 

eo^oos bre* 

Pa* le , * ^ ^ ^ J ' * P—* tte reby ^ 



5 



WO 03/082241 



PCT/IB03/01223 



"micronized clarithromycin particles." As used herein, "D90 particle size" is the particle 
size of at least 90% of the particles of clarithromycin used in the composition. 

When clarithromycin is micronized, the resulting particles can be difficult to 
process because highly micronized particles may possess poor flow properties and have a 
5 tendency to agglomerate during processing. To overcome these potential and actual 
difficulties, the clarithromycin may be micronized in the presence of one or more 
pharmaceutically inert canier(s) or mixed with inert carriers after micronization to 
neutralize the static charge. 

As used herein, the term "pharmaceutically inert carrier" refers to a substance that 
10 is physiologically acceptable, compatible with the drug and other excipients in the 
formulation, and has a capacity to adsorb the drug on its surface. Carriers prevent 
reagglomeration of drug particles and also help in wetting of the drug by uptake of water 
by capillary action and thereby enhancing drug dissolution further. 

The pharmaceutically inert carrier may be selected from cellulose derivatives such 
15 as microcrystalline cellulose and carboxymethyl cellulose; silicate derivatives such as 
magnesium silicate, colloidal silicon dioxide, magnesium trisilicate, and magnesium 
aluminum silicate; and clays such as veegum, bentonite, etc. 

The micronized clarithromycin, micronized either with or without an inert carrier, 
then is processed to form a solid formulation and finished dosage form (e.g., tablet or 

20 capsule) that includes a rate controlling polymer and one or more pharmaceutically 
acceptable excipients. The rate controlling polymer provides sustained or extended 
release characteristics to the finished dosage form such that a patient can reduce the 
number of times per day that they must take clarithromycin to once or twice per day. For 
example, the amount of micronized clarithromycin in the finished dosage form can be 

25 present at between approximately 100 mg and 1000 mg and the finished dosage form 
taken only once per day. When the clarithromycin is micronized, it exhibits improved 
dissolution and absorption characteristics relative to marketed clarithromycin 
formulations. 

The rate-controlling polymers of the solid formulation and finished dosage form 
30 may be selected from the group that includes carbohydrate gum, polyuronic acid salts, 

cellulose ethers, acrylic acid polymers and mixtures, thereof Carbohydrate gums may be 
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EXAMPLE 1 

PREPRATION OF EXTENDED RELEASE TABLET FORMULATION OF 
CLARITHROMYCIN 



Ingredients 


Mg/tablet 


Clarithromycin micronized (Particle size: 
D90 equivalent to 3 1 .93 microns) 


1000.0 


Hydroxypropyl methylcellulose K15M 


10.0 


Hydroxypropyl methylcellulose K4M 


17,5 


Polyvinyl pyrrolidone K-30 


25.0 


Lactose 


50.0 


Magnesium stearate 


12.5 


Talc 


10.0 


Sodium stearyl fumarate 


20.0 


Colloidal silicon dioxide 


5.0 


Total weight 


1150.0 



5 Micronized clarithromycin, hydroxypropyl methylcellulose Kl 5M, hydroxypropyl 

methylcellulose K4M, polyvinyl pyrrolidone K30 and lactose were sieved through a 
British Standard Sieve (BSS) 44 mesh sieve, blended together, and granulated with water. 
The resulting granulate was dried in a fluid bed drier at 60°C for 20 minutes. The dried 
granules were sifted through a BSS 16 mesh sieve. The granules obtained were lubricated 
1 0 with the remaining ingredients and compressed to tablets. 

The clarithromycin of the tablet of Example 1 was not micronized with an inert 
carrier. Nonetheless, a portion of the colloidal silicon dioxide, which is described herein 
as being a suitable inert carrier for co-micronization, of Example 1 could have been 
provided for co-micronizing with clarithromycin and the remainder later added for 
1 5 lubrication. 

EXAMPLE 2 

Table 1 illustrates the effect of particle size on the in-vitro drug release profile of 
an extended release clarithromycin tablet. The extended release tablets were prepared 
. according to the composition of Example 1 using two different particle sizes, one 
20 micronized (D 9 o=29.73 microns) and another unmicronized (D$oJ24639 microns). As 
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Test Drug: Extended release clarithromycin formulation made according to Example 1 
and comprising clarithromycin with a particle size of D90 equivalent to 3 1 .93 microns. 

Reference Drug: Commercially available clarithromycin formulations (Abbott 
Laboratories, Biaxin Filmtab 500mg) administered twice daily/ 

5 Table 2 



Comparison of bioavailability of extended release micronized clarithromycin 
formulation and conventional twice daily clarithromycin formulation. 



Formulation 


AUC 0-24h (ng.hr/ml) 


T/R 


Biaxin Filmtab 
500mg (R) 


b.i.d 


37.95 




First dose 


16.9 




Clarithromycin 
XL(T) 


1000 mg 


36.6 


96.4% 


Interpolated value for 500 mg 


18.3 


108.3% 



EXAMPLE 4 

1 0 Example 4 involves preparing an extended release pharmaceutical formulation of 

clarithromycin that has a mean particle size of D 90 equivalent to 275.58 microns. 



Ingredients 


Mg/tablet 


Clarithromycin 


500 


Lactose 


117 


Hydroxypropyl cellulose-L 


105 


Hydroxypropyl cellulose - M 


125 


Polyvinyl pyrrolidone K 30 


10 


Talc 


18 


Sodium stearyl fumarate 


18 


Colloidal silicon dioxide 


2 


Magnesium stearate 


5 



Unmicronized clarithromycin, hydroxypropyl cellulose M, hydroxypropyl 
cellulose L, polyvinyl pyrrolidone K30 and lactose were sieved through a British Standard 
Sieve (BSS) 44 mesh sieve, blended together, and granulated with water. The resulting 
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a single pharmaceutical combination composition, simultaneously, or within a short time) 
other drugs and drug products to treat conditions that maybe related to or that occur 
concurrently with a condition that involves the treatment of a bacterial infection using 
clarithromycin. Such drugs that may be co-administered with the micronized 
5 clarithromycin generally include one or more of omeprazole, metronidazole, amoxicillin, 
rifampicin, lansoprazole, ciprofloxacin, ethambutol, and ritonavir. For example, the 
combinations may include a single pharmaceutical composition or joint administration of: 
(1) omeprazole, metronidazole, and clarithromycin; (2) omeprazole, amoxicillin, and 
clarithromycin; (3) rifampicin and clarithromycin; (4) lansoprazole and clarithromycin; (5) 
1 0 ciprofloxacin and clarithromycin; (6) lansoprazole, amoxicillin, and clarithromycin; and 
(7) ethambutol, ritonavir, and clarithromycin. 

Further, it is contemplated that any single feature or any combination of optional 
features of the inventive variations described herein may be specifically excluded from the 
claimed invention and be so described as a negative limitation. Accordingly, it is not 
1"5 intendedTftanhe invention be limited, except as by the appended claims. 
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12. The pharmaceutical composition of claim 1, further comprising one or more 
pharmaceutically acceptable excipients. 

13. The pharmaceutical composition of claim 12, wherein the pharmaceutically 
acceptable excipients comprise one or more of gas generating components, 

5 swelling agents, lubricants, and fillers. 

14. The pharmaceutical composition of claim 1, wherein the pharmaceutical 
composition comprises a once a day formulation. 

15. The pharmaceutical composition of claim 1, wherein the dosage form comprises a 
tablet or a capsule. 

10 16. The pharmaceutical composition of claim 1, wherein the clarithromycin is 
micronized in air jet mill. 

17. The pharmaceutical composition of claim 1, wherein the clarithromycin is co- 
micronized with one or more pharmaceutical inert carriers. 

1 8. The pharmaceutical composition of claim 17, wherein the pharmaceutically inert 

1 5 carrier comprises one or more cellulose derivatives, silicate derivatives, and clays. 

19. The pharmaceutical composition of claim 18, wherein the cellulose derivative 
comprises one or more of microcrystalline cellulose and carboxymethyl cellulose. 

20. The pharmaceutical composition of claim 18, wherein the silicate derivative 
comprises one or more of magnesium silicate, colloidal silicon dioxide, 

20 magnesium trisilicate, and magnesium aluminicum silicate. 

21 . The pharmaceutical composition of claim 1 8 wherein clay comprises one or more 
of veegum and bentonite. 

22. The pharmaceutical composition of claim 17, wherein the amount of 
pharmaceutically inert carrier comprises between approximately 2% and 

25 approximately 25% by weight relative to the total weight of the pharmaceutical 

composition. 
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3 1 . The process of claim 28, wherein the clarithromycin comprises between 
approximately 100 mg and approximately 1000 mg of the tablet. 

32. The process of claim 28, wherein micronizing comprises micronizing the 
clarithromycin in an air jet mill. 

5 33. The process of claim 28, wherein micronizing comprises co-micronizing the 
clarithromycin with one or more pharmaceutical inert carriers. 

34. The process of claim 33, wherein the pharmaceutically inert carrier comprises one 
or more cellulose derivatives, silicate derivatives, and clays. 

35. A method of treating a bacterial infection in a mammal in need of treatment, the 
1 0 method comprising administering a pharmaceutical composition comprising 

micronized clarithromycin and one or more pharmaceutically acceptable 
excipients. 

" 36. The method of claim 35, wherein the clarithromycin comprises at least some 
clarithromycin that has been micronized to have a particle size less than 50 
1 5 microns. 

37. The method of claim 35, wherein the clarithromycin comprises at least some 
clarithromycin that has been micronized to have a particle size less than 35 
microns. 

38. The method of claim 35, wherein the clarithromycin comprises between 
20 approximately 100 mg and approximately 1000 mg of the pharmaceutical 

composition. 

39. The method of claim 35, further comprising administering one or more of 
omeprazole, metronidazole, amoxicillin, rifampicin, lansoprazole, ciprofloxacin, 
ethambutol, and ritonavir with the micronized clarithromycin. 
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